Synaptic localization of the SUMOylation-regulating protease SENP5 in the adult mouse brain.
Covalent conjugation of small ubiquitin-like modifiers (SUMOs) or SUMOylation is a reversible post-translational modification that regulates the stability and function of target proteins. SUMOs are removed from substrate proteins by sentrin/SUMO-specific proteases (SENPs). Numerous studies have implicated SUMOylation in various physiological and pathological processes in neurons. To understand the functional roles of SUMOylation, it is necessary to determine the distribution of enzymes regulating SUMO conjugation and deconjugation; yet, the localization of SENPs has not been described in detail in intact brain tissue. Here, we report the distribution and subcellular localization of SENP3 and 5 in the adult murine brain. Immunohistochemical analyses revealed the ubiquitous distribution of both SENPs across different brain regions. Within individual cells, SENP3 was confined to the nucleus, consistent with the conventional view that SENPs regulate nuclear events. In contrast, SENP5 was detected in the neuropil but not in cell bodies. Moreover, strong SENP5 immunoreactivity was observed in regions with high numbers of synapses such as the cerebellar glomeruli, suggesting that SENP5 localizes to pre- and/or postsynaptic structures. We performed double immunolabeling in cultured neurons and found that SENP5 co-localized with pre- and post-synaptic markers, as well as a mitochondrial marker. Immunoelectron microscopy confirmed this finding and revealed that SENP5 was localized to presynaptic terminals, postsynaptic spines, and mitochondria in axon terminals. These findings advance the current understanding of the functional roles of SUMOylation in neurons, especially in synaptic regulation, and have implications for future therapeutic strategies in neurodegenerative disorders mediated by mitochondrial dysfunction.